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1. Introduction
Recently in the e-mail reflector, there has been a lot of discussion on uplink RS structure whether DM RS should be transmitted over short block or long block. It is apparent that long block RS has an inherent capability of providing larger number of different CAZAC sequences compared to SB RS. The possible issue with LB DM RS was channel estimation performance loss compared to SB RS especially in case of very high velocity, which made some companies hesitate the adoption of LB RS. In order to evaluate the performance of LB DM RS, several companies submitted their own simulation results over e-mail reflector. LGE also submitted performance results so that they could be referred in course of choosing one scheme over the other. The followings were the observations from the simulation results.

(1) No performance loss for using LB at low/medium speed 
(2) In case of high speed, there are some performance degradations (From our simulation results, we observed some performance loss starting from 150km/hr). However, even in 350km/hr, the performance doesn't break (it still works)

As a result of discussion, an agreement has been almost reached at that DM RS should be transmitted over long block. After the initial results submission, which was based on the results with intra TTI frequency hopping and without HARQ, we have performed some more simulations with more complete sets of simulation scenarios so that the effects of HARQ and various combination of frequency hopping can be incorporated in case of LB RS. From the simulation results, it can be concluded LB RS can perform comparably with SB RS even in higher velocity (saying e.g., 350km/hr) if one assumes HARQ operation together with inter-TTI hopping only or no frequency hopping. 
The purpose of this contribution is just to update the simulation results from the previously submitted ones and to make the submission official so that they can be tracked or referred afterwards.

2. Simulation configuration
Figure 1 shows the reference signal structures used in the simulations. As shown in Figure 1(b), fourth LB over each 0.5ms slot was used as DM RS in case of LB RS. 
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(a) SB RS structure
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(b) LB RS structure


Figure 1. Simulated RS structure
Table 1 summarizes simulation parameters used in the simulation. When evaluating the performance, HARQ operation has been always assumed with HARQ retransmission interval and max number of retransmission set to 4 TTI and 4, respectively. In order to evaluate the effects of frequency hopping on the channel estimation performances, various combination of frequency hopping operations have been considered in the simulations; They are (1) no frequency hopping, (2) Inter TTI frequency hopping (frequency hopping over retransmission only) (3)  Inter and intra-TTI frequency hopping (Inter-subframe hopping in addition to the frequency hopping over retransmission).
Table 1. Simulation parameters and configurations

	Parameters
	Value

	Number of simulation
	80,000 TTIs

	Bandwidth
	5MHz

	Modulation & Channel coding
	QPSK (Turbo R=1/3), for intial Tx

	Amount of resource used in data 
	12 subcarriers over 12 long blocks

	TB Size
	96 (12 subcarriers, QPSK)

	Channel model
	TU

	UE speed (km/h)
	3, 60, 150, 200, 250, 300, 350km/h

	Channel estimation
	Freq. domain: FFT based interpolation

Time domain: Wiener filtering

	Number of antennas
	Tx 1, Rx 2 (MMSE receiver)

	HARQ method
	Chase combining

	Maximum number of HARQ retransmissions
	4

	HARQ transmission interval
	4 TTIs


3. Simulation Results

From Figure 2 to Figure 8, performance curves of LB DM RS and SB DM RS are shown under various vehicle speeds. From the simulation results, it can be concluded LB DM RS performs comparably with SB DM RS for all the velocities we simulated if one assume only inter TTI hopping or no hopping at all. In light of the effects of frequency hopping on the performance, frequency hopping over retransmissions shows throughput gain around or within 1 dB compared with no hopping cases only under the lowest velocity of 3km/hr. As the UE velocity goes higher, no substantial differences can be found between frequency hopping and no hopping. Intra TTI hopping in addition to the frequency hopping over retransmission adds a slight gain especially in a high SNR region only in case of the lowest velocity we simulated. Especially, as UE velocity gets higher, intra TTI hopping in addition to the inter TTI hopping eventually leads to the performance degradation. This is especially true in case of LB RS since only 1 LB among 2 LBs in a TTI can be used for channel estimation in each subframe, resulting in large performance degradation due to the inaccurate channel estimation performance, which is caused by poorer time domain interpolation. Therefore, the effect on the channel estimation performance should be carefully analyzed in order to check the validity and effectiveness of intra TTI hopping before it is applied together with LB DM RS structure.

[image: image3.emf]1.E-02

1.E-01

1.E+00

-2 -1 0 1 2 3 4 5 6 7 8

SNR [dB]

BLER

4 SBs, Non-FH

4 SBs, inter FH

4 SBs, inter+intra FH

2 LBs, Non-FH

2 LBs, inter FH

2 LBs, inter+intra FH

 [image: image4.emf]0

20

40

60

80

100

-10 -8 -6 -4 -2 0 2 4 6

SNR [dB]

Throughput [kbps]

4 SBs, Non-FH

4 SBs, inter FH

4 SBs, inter+intra FH

2 LBs, Non-FH

2 LBs, inter FH

2 LBs, inter+intra FH


Figure 2. Performance comparison (3km/hr TU)
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Figure 3. Performance comparison (60km/hr TU)
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Figure 4. Performance comparison (150km/hr TU)
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Figure 5. Performance comparison (200km/hr TU)
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Figure 6. Performance comparison (250km/hr TU)
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Figure 7. Performance comparison (300km/hr TU)
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Figure 8. Performance comparison (350km/hr TU)
4. Conclusions
In conclusion, LB DM RS structure performs well enough and at least performs comparably with SB DM RS structure even in the very high UE velocity.
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